Background and Objective: Castor (Ricinus communis L.) is a diploid plant with chromosome number of 2n=20 which belongs to family of Euphorbiaceous and genus Ricinus. Correlation alone is not efficient for variability studies. So, it should be in conjugation with Path co-efficient analysis to know the direct and indirect effects. This study was conducted to assess the role of evaluating path coefficient analysis in castor. Materials and Methods: A Field experiment was carried out to determine direct and indirect effects of yield and its components in castor accessions at Melkassa, central rift valley of Ethiopia under irrigation in 2014. The experiment was conducted using a randomized complete block design with 3 replications and a total of 48 castor accessions were evaluated. Atinafu et al.; JEAI, 41(3): 1-12, 2019; Article no. JEAI.48269 2 Results: Number of capsules per plant, number of primary branches per plant, length of inter node and hundred seed weight had exerted positive direct effect for both at phenotypic and genotypic path analysis.Phenotypic and genotypic path analysis showed that the number of capsules per plant, number of secondary branches per plant, length of inter node, days to 50% second flowering and seed yield exhibited positive direct effect on oil content. Conclusion: Thus, traits like number of capsules per plant, number of secondary branches per plant, length of inter nod and days to 50% second flowering should be given emphasis in improving seed yield.
INTRODUCTION
Castor (Ricinus communis L.) is not important as consumption purpose for human being in Ethiopia due to the presence of ricin oleic acid in its seed oil. It is a diverse and economically important family of flowering plants in the family of Euphorbiaceous. It is a diploid plant with the set of chromosome numbers 2n=20 which is cultivated from lowlands to highlands [1] . Castor was initially believed to have four centers of origin: East Africa (Ethiopia), Northwest and South West Asia and Arabian Peninsula, India, and China. However, Ethiopia is believed to be the most probable center of diversity and origin because of the presence of high diversity [2] . Oil is a valuable component of a fully mature seed. Thus; the economic value of an oilseed is often related directly to its oil content. High oil content is a common goal of breeding programs in several oil crops including castor. Unlike other oilseeds that synthesize their oil in their embryo, castor seed deposits its oil in the endosperm. Therefore, the oil content of castor is greater than most oilseeds and only exceeded by coconut. In Ethiopia, the oil content of castor accessions varies from 29-58% [3] . Castor oil is non-edible and has been used almost entirely for pharmaceutical and industrial applications. Castor is a valuable oilseed crop that provides almost the entire world's supply of hydroxy fatty acids. It is used in varnish, paints, detergent, pharmaceuticals, and synthetic polymer industries. Its oil does not freeze even at high altitudes and it is one of the best lubricants for jet engines [4] . If there is genetic correlation between traits in the case of direct selection of one trait, this can cause change in another trait. Most of the time, traits are correlated and knowledge of the relationships among various quantitative and qualitative traits is an essential aid to the choice of appropriate parameters to be used as selection indices [5] . Correlation studies provide the association of quantitative characters, especially of seed yield and its attributes. Path co-efficient analysis measures the direct influence of one variable upon another and permits the separation of correlation coefficients into direct and indirect effects [6] . The polygenic inheritance of yield components makes selection more difficult. Moreover, these complex traits are highly influenced by environment, which reduces the progress to be achieved through direct selection. In such cases, there is another option to hasten the genetic improvement, which is known as indirect selection for yield. Yield, being a complex character, is composed of several components some of which affect the yield directly, while, others affect indirectly [7] .
The essence of this approach is selection of elite genotypes on the basis of yield attributes rather than the yield. This selection criterion takes into account the information on interrelationship among agronomic traits, their relationship with yield as well as their direct influence on yield [8] .
In Ethiopia there are adequate amount of castor genetic resource which needs repeated experiment. However, there was limited study regarding to castor and its importance. So that, by considering the knowledge of the relationships among various quantitative and qualitative traits and the breeding strategy to derive high yielding cultivar this study was conducted to assess the role of evaluating path coefficient analysis in castor. 
MATERIALS AND METHODS

Experimental Design
Forty eight accessions of castor that were available at Melkasa Agricultural Research Centers were planted at the experimental farm of Melkassa Research Center. Plot size was four rows spaced at 80 cm apart, 60 cm between plants and six meters long. The design of the experiment was randomized complete block design (RCBD) with three replications. The experimental plots were plowed twice and harrowed once and ridges were made at 80 cm using tractor. Seeds were planted at two seeds per holl and thinned to a single plant after growth. No fertilizer or pesticide was applied. All plots received the required irrigation every 7 days until maturity.
Data Collection
Data was collected based on an average of five randomly selected plants and plot basis. Five representative plants per plot were randomly selected from the central rows excluding the two border rows and tagged for observations.
Height (PH):
The distance measured in cm from the soil surface to the tip of the top most leaf.
Length of main Inflorescence (LMI):
the length of main inflorescence in cm.
Number of capsules per plant (CP):
Total number of capsules per plant recorded at physiological maturity.
Number of seeds per plant (SP):
The average number of seeds per plant.
Number of primary branches per plant (PB):
The number of branches extending from the main stem .
Number of secondary branches per plant (SB):
The number of branches extending from the primary branches that will be recorded on some randomly taken plants from each experimental unit.
Number of Inflorescence per plant (IP):
The number of inflorescence counted on each randomly selected plant. 
Days to first maturity 50% (DFM):
The actual number of days from planting to main inflorescence maturity.
Days to second maturity 50% (DSM):
The actual number of days from planting to secondary inflorescence maturity.
Hundred Seed weight (HSW):
The weight of 100 seeds in grams. Path coefficient analysis was conducted to determine the direct and indirect effect of various traits on oil content using the general formula of [9] . In path coefficient analysis, seed yield per plant was taken as the dependent variable while the rest of the traits considered as independent variables. The direct and indirect effects of the independent traits on seed yield per plants were estimated by the simultaneous solution of the following general formula suggested by [9] . r ij = p ij + r ik p jk where: r ij = is the association between independent variables (i) and dependent variables (j) as measured by phenotypic and genotypic correlation coefficient. Pij= is component of direct effect of independent variable (i) as measured by the phenotypic and genotypic path coefficient r ik p jk = is the summation of components of indirect effect of a given independent variable (i) on a given dependent variable (j) via all other independent traits.
RESULTS
Phenotypic and Genotypic Path Coefficient Analysis of Seed Yield with Other Quantitative Traits
Path coefficient analysis was carried out both at phenotypic and genotypic levels considering seed yield as dependent character and yield attributes as independent characters. Each component has two path actions in relation to direct effect on seed yield and indirect effect through components which are not revealed by correlation studies. Relationship between yield and yield contributing characters were studied in details through path coefficient analysis. Path coefficient analysis performed to disclose the causes and effects of chain relationships of different yield contributing characters with yield [10] . Thus, specification of causes and measuring the relative importance of each of the yield components can be achieved by using the method of path analysis, as a mean of separating the direct effects from the indirect ones through other characters [11] . 
Phenotypic and Genotypic Path Analysis of Oil Content with Other Characters
Phenotypic and Genotypic Path Coefficient Analysis of Seed Yield with Other Quantitative Traits
Correlation, indicated by a correlation coefficient, is a measure of a linear association between traits. So, correlation is the baseline for explanation of path coefficient analysis. As the correlation coefficients are insufficient to explain true relationship for an effective manipulation of the characters, path coefficients were worked out. This work is continuous from the existing data from [4] . (Table 6 ) was correlation works for this data which is important to perform path analysis. This (Table 6 ) showed that both correlation and path analysis confirmed that number of primary branches per plant was the key contributors of seed yield with maximum direct effects. It is to mean that primary branches per plant was highly and positively correlated (0.488**) at phenotypic level and (0.654**) genotypic level (Table 6 ). In the case of path analysis again primary branches per plant had exerted the highest positive effects phenotypic path analysis (0.348, Table 2 ) and genotypic path analysis (0.876 Table 3 ) that is why primary branches per plant were the key contributors. According to the result reported by [12] primary branches per plant were contributed direct positive effect on seed yield which was in agreement with this study. The positive direct effect of days to 50% second flowering (0.011)and capsules per plant(0.036) at the phenotypic path analysis level with seed yield in this study ( Table 2 ) was in agreement with [13] . Eventhough the value is not exactly similar positive direct effect was recorded in both cases.
The positive values for days to 50% flowering (0.166) and capsules per plant (0.441) were reported by [13] . The direct effects of these characters on seed yield indicated that, improvement on these traits will increase seed yield.
Whereas the negative value as observed in (Table 2) indicates that the contribution of these traits for seed yield was reduced. A negative direct value recorded from days to 50% flowering (-0.013) in this study was analogous with the study of [14] (-0117). Even though traits like plant height had exerted negative direct effect on seed yield, it had positive indirect effects via number of primary branches per plant. Number of primary branches per plant showed the highest positive direct effects (0.348) on seed yield and exerted positive indirect effect through traits like number of secondary branches per plant, Days to maturity, oil content, days to first flower and number of capsules per plant ( Table 2) . The residual (0.601) indicated that characters which are included in the phenotypic path analysis explained 99.39% of the total variation in seed yield. The residual effect implies that the unexplained variation of the dependent variable that is not accounted by path coefficient analysis.
( Table 2) .
At the genotypic path analysis level with seed yield also, the direct positive value indicates that the true relationship between these traits as good contributors to seed yield and could be considered as most important components for selection in breeding program for higher seed yield ( Table 3) . As a result, these traits could be considered as important traits for selection in a breeding program for higher seed yield of the Castor advanced lines. These finding were in agreement with the result reported by [13] who observed direct positive effects on days to 50% first flowering (0.568), number of capsules per plant (0.540) and oil content (0.222).They also reported negative direct effects on days to first maturity 50 %(-0.016).However, number of seeds per plant (0.434), number of secondary branches per plant (0.450) ( Table 3 )contributed to seed yield mainly via their highest and positive indirect effects with number of primary branches per plant. The positive direct effect of seed yield with plant height (0.011), days to maturity (0.02) and 100-seed weight (0.182) ( Table 3 ) in this study were in line with the study of [14] with the observed values of plant height (0.027), days to maturity (0.08) and 100-seed weight(0.06) in the study of previous authors. Howe ever, negative direct values recorded from days to % flowering (-0117) in their study was disagreement with the present study. The direct positive effect of plant height with seed yield was also in line with the study reported by [10] . The residual (0.311) indicated that characters which included in this genotypic path analysis explained (99.69%) of the total variation in seed yield ( Table 3 ).
The significant positive relationship between seed yield and oil yield suggests that this trait tend to produce higher oil yield. This finding was in agreement with the result which was reported by [15] seed yield (0.092), hundred seed weight (0.373). But, traits like days to first maturity contributed indirect positive effects for number of seeds per plant, number of primary branches per plant and number of inflorescence per plant. The residual (0.87) indicated that characters which are included in the phenotypic path analysis explained 99.13% of the total variation in oil content (Table 4 ).From the results obtained (Table 4) and (Table 5 ) it would be reasonable to suggest that a breeder engaged in the improvement of castor oil yield should give emphasis on common traits like length of main inflorescence, days to maturity, capsules per plant, secondary branches per plant, length of inter node and seed yield. Selection for these traits will therefore increase oil yield. The observed values of plant height (-0.233), number of primary branches per plant (-0.305), number of inflorescence per plant (-0.175), days to 50% first flowering (-0.324) and hundred seed weight (-0.121) had showed negative direct effects on oil content ( Table 5 ).Similar results were obtained by 15 for plant height (-0.136) and days to maturity (0.071).The residual (0.57) indicated that characters which are included in the phenotypic path analysis explained 99.430% of the total variation in oil content( Table 5 ).
CONCLUSIONS AND RECOMMENDATIONS
In this study the result of path coefficient analysis of seed yield with other quantitative traits showed that number of primary branches per plant had exerted the highest direct positive effects both at the genotypic(0.348) and phenotypic(0.876) levels. Therefore, path analysis confirmed that number of primary branches per plant was the key contributors of seed yield with maximum direct effects. Whereas, path analysis of oil content with other characters showed that seed yield (0.422) had exerted the highest direct positive effects. For further improvement of castor breeding program, there should be more than one location for clear information of variability studies of this oil seed crop and since the study was done in the off seasons, it is suggested to undertake the experiment in both dry season and during the main season. Awareness creation for different research institutions and farmers is also vital order to get the required benefit from this oilseed crop. Doing this experiment both at phenotypic level and molecular level by using molecular marker is the important one.
SIGNIFICANCE STATEMENT
This study provides basic information for this oil seed crops to evaluate its variability. Since correlation alone is inadequate to generate important information for the genetic resource of castor in Ethiopia, it is vital to guide those researches in different institutions as a base line. The study of its phenotypic variability along with path analysis plays a great role for those interested researchers to do further by showing the right path they would like to do since a lot has not been done about the path analysis of castor seed yield and its oil content. It also indicates direction for further improvement.
